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EP0 638 595 A2 

FIELD OF THE INVENTION! 



ported olefin polymerization cataly^ sT aTd ImZZSSSZFZF? " Camer (hereinafte ' «**™d to sup- 
nation -^excel^ 

mers uniform in particle size, supported olefin polymerizafio rcatalysJs in t^ich oSf J 9 T 9 (C ° )P ° ly - 
th,s supported catalyst component, and to methods^ olefin ^^^Tj^T*^ °" 

BACKGROUND OF THE INVENTION 

~e^r„rr n ^^^^ 

ox, oannpeunda (alnminoxane). and memo^^SZS^^' aM ^ n ^ Mm1 '" 
are capable of polymerizing po.yolefin high in molecular weigh ^/h"^ 

vention has been accomplished on the basis of the above finding * the Present h| - 

cases, andwhen p^ SS^iS? ISESS^S^^ P^rization in most 
bmughtaboutsuch an inconvenience IWII-Sto^SS^SZ nniZ" 9 ^ * 
in viscosity, whereby the productivity of the intended Slymer^aTes ° «' gh 

olefins in the 

oiganoalumimjm ox, compound have been imiooaL f™ ,»™^™^ . transition metal compound and 
Pdb.tea.ione btoa SaOOSlSs. 3500 7„M .^SS^SH^ W 
nenra „ aa,d na Blysl s n,s been ™ en a pe ra ,s ZS^^Z^SSSSZ 

1*°^™t^£^^^:J^™ J— L-O-P Pobtna. Noe. 

p r da „, , rans , tton metal ™^,S5J2SZSSSE-T5S ^T* SE2ZET" T 

nfroSe^^^ 

aa merattocane and ateminoxane. bed. oetn 9 supported oTa J^lZZZ^^T* 0 " ~* 



BNSDOCID: <EP 063859SA2_I_> 



10 



15 



20 



25 



30 



EP 0 638 595 A2 



However when olefins are polymerized or copolymerized in the suspension or vapor phase polymenzat.on 
syste^g'tte soSd catalyst Components supported on the carrier as disclosed in the foregoing patentpub- 
n£^s the polymerization activity expected thereby decreases markedly in companson wrth the case of the 
foregoing solution polymerization system, and no satisfactory result was obtamed^ 

The present inventors conducted extensive researches in view of the pnor art as mentioned above and 
as aS have found that supported catalysts formed by supporting catalyst component (A) transition 
mP^mJou^ds of the qroup IVB of the periodic table containing ligands having a cyclopentadienyl skeleton, 

ke toafcohol and p-diketone and, if necessary. (D) organoaluminum compound on a solid camer are excel lent 
Pn Dotvmerizationactivity per catalyst unit weight and also are capable of prepanng polymers uniform n particle 
s^l^T^n^e renting polymers few fine powdery polymers), and they have f.nal.y accom- 
plished the present invention on the basis of the above finding. 



OBJECT OF THE INVENTION 



The present invention has" been made under such circumstances as aforesaid, and its object is to provide 
olefin^o.^ 

o e n EoKhtah in molecular weight, and methods forthe polymerization of olefin usmg the same. 

AfuTer obS of the invention is to provide supported olefin polymerization catalysts exce lentm poly- 
merisation ac«vi y per catalyst unK weight and capable of giving Wg*™ ^Z^ZV^Z 
ported olefin polymerization catalysts in which olefin has been prepolymenzed on he supported olefin poly 
merization catalysts, and methods for the polymerization of olefin using these catalysts. 

SUMMARY OF THE INVENTION 

ThP first olefin polymerization catalyst of the present invention comprises * 

meS compound of L group IVB of the periodic table containing a Hgand havmg a cycle- 

pentadienyl skeleton, 
pentadienyl skeleton, 

» 2 — — — - — - and 

(D) an organoaluminum compound. 

The third olefin polymerization catalyst of the invention comprises 
, (A)V°ranSton metal compound of the group IVB of the periodic table containing a Hgand having a cycle- 
40 pentadienyl skeleton, 

wherein the components (A). (B) and (C) are supported on the sol.d camer. 
The fourth olefin polymerization catalyst of the invention comprises 

(A^tans^nmetal compound of the group IVB of the periodic table containing a Hgand having a cycle- 
pentadienyl skeleton, 

so (D) an organoaluminum compound, Mrriar 

wherein the components (A). (B), (C) and (D) are supported on the sol.d camer. 
The fifth olefin polymerization catalyst of the invention comprises 
[1-1] a solid catalyst comprising 

wlSSS metal compound of the group IVB of the periodic table containing a Hgand having a cycle- 
pentadienyl skeleton, 
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5 a solid carrier, 

(A) a transition metal compound of the group IVB of the nerinriir tahi^ , w • 

pentadienyl skeleton, periodic table containing a ligand having a cycle 

(B) an organoaluminum oxy compound 

pi (E) SS^STS^ (C) and (D) are supported on - 

. c J? 8 ?ri th °' ef in P 01 ^ 6 ^ 3 " 0 " ^talyst of the invention comprises- 
a solid catalyst comprising H 

15 a solid earner, 

SiS5!^ ° f ^ 9r ° UP IVB ° f the Peri ° diC tabIe -fining a ligand having a cydo- 

(B) an organoaluminum oxy compound, and 

The eighth olefin polymerization catalyst of the invention comprises- 
a solid catalyst comprising 
a solid carrier, 

(A) a transition metal compound of the qrouD IVB of thp n*rir»H.r> ~ * . . 

pentadienyl skeleton, P d, ° 136,6 "n* 10 "* a ligand having a cyclo- 

(B) an organoaluminum oxy compound 

D'-n^t^c ess?" ""^ " " ,vm " <> " comp *~ : 

a solid carrier, 

(A) a transition metal compound of the group IVB of the DerinHi^ f a Ku 

pentadienyl skeleton, Periodic table containing a ligand having a cyclo- 

(B) an organoaluminum oxy compound, and 

a prepolymerized olefin polymer; and ° ,IOd camer ' and 

[II] (E) an organoaluminum compound. 

rr o7 he °'? fin P 0,vmeri2atfon catalyst of the invention comprises 
[I -2] a solid catalyst comprising 

a solid carrier, 

££Z£^ ° 0mP0,,nd ° f 1,16 9r ° UP ,VB ° f P6ri0diC teble a ligand having a cycle- 

(B) an organoaluminum oxy compound 

n ssz^'sssr* — se,eo,ed ,rom — — « - 

[II] (E) an organoaluminum compound 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing that illustrates a preparative process of the olefin polymerization catalysts of the present 

4 
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invention. 



B Fig. 2 is a drawing that illustrates a preparative process of the supported olefin polymerization catalyst of 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The olefin polymerization catalysts, the supported olefin polymerization catalysts and methods for the 
polymerization of olefins using these olefin polymerization catalysts according to the present .nvenhon w.ll be 

described in detail hereinafter. . .. . ■ 

The term •polymerization" used in the invention sometimes means "homopolymenzation as well as co- 
polymerization", and the term "polymer- used in the invention sometimes means "homopolymer" as well as 

"^FirTthe catalyst components used in the olefin polymerization catalysts of the present invention are de- 

^^The^rlsition metal compound (A) of the group IVB of the periodic table containing a ligand having a cy- 
cle pentaoienyi ske.eton [herejhaf ter, sometimes referred to as "component (AH is a trans.fon metal compound 
represented by the following general formula (I). 

ML X (I) 

whereinMisatransition metal atom selectedfrom the gro 

to the transition metal, at least one of L is a ligand having a cyclopentad.enyl skeleton, and L other than the 
^nd living a cyclopentadieny. ske.eton is a hydrocarbon group of 1-12 carbon atoms. «r alkoxygmup an 
aryloxy group. aTrialkylsilyl group. SG 3 Ri group (provided that Ri is a hydrocarbon group of 1-8 carton atoms 
which may have such a substituent as halogen), halogen atom or hydrogen atom, and x is a valence of the 

Ua t the aboletenera. formula (I). M is a transition metal atom selected from the group IVB of the periodic 
table, concretely zirconium atom, titanium atom or hafnium atom, preferably zirconium atom 

Theligandshavingacydopentadienylskeletona^ 
cyJpen Seny. groups such as methylcyclopentadienyl. -'•^^^^•^^SSSSS" 
Si. tetrameth/cyclopentadienyi. pentamethylcyclopentadienyl. emylcydopented.enyL ""^S^^T 
ted ienyi, propylcyclopentadieny.. methylpropylcyclopentadienyl. ^^°^ ntodisn ^^^ t ^°^ 
tea enyl and hexylcyclopentadienyl; indeny. group; 4.5.6.7-tetrahydroindenyl group; a kyl-subshtuted .ndeny 
gmupTaul as^-methvlindeny.; 2-methyMt-phenylindenyl, ^isopropy^.r-dimethvl.ndeny.; -d fluoreny. 
I These groups as exemplified above may be substituted with a halogen atom or tna^yls,^ group^ 
Of the Tngands coordinating with the transition metal atom, particularly preferred are alky.-subst,tuted cy- 

C,0P renth n e^ 

tadieTsklleton. the two ligands having a cydopentadieny. skeleton may be linked *^J^JT^ 
ZZ . nmuo such as ethylene or propylene, a substituted alkylene group such as isopropyl.dene or diphenyl- 
ShCSenl gS^r a'substituted si.ylene group such as dimethy.si.ylene. dipheny.sily.ene or me- 

^'ThXandrL other than those having a cyclopentadieny. skeleton may include those mentioned below. 
-rSe hyarocarbon group of 1-1 2 carbon atoms includes such group as a.kyl. cycloalkyl. aryl or aralkyl. and 

more particularly, 

the alkyl group includes methyl, ethyl, propyl, isopropyl or butyl; 
the cycloalkyl group includes cyclopentlyl or cyclohexyl; 
the aryl group includes phenyl or tolyl; and 
the aralkyl group includes benzyl or neophyl. 
Further, the alkoxy group includes methoxy. ethoxy or butoxy. 
aryloxy group includes phenoxy; 

the halogen includes fluorine, chlorine, bromine or iodine; and „ mmothanA _ 
the ligand represented by S0 3 R' includes p-toluenesulfonate. methanesulfonate or tnfluoromethane- 

SU ' f Zten the valence of the transition metal atom is. for example. 4. the transition metal compound is repre- 
sented by the following general formula (la) in more detail. 

RV^Ft^RSoM (la) 

wherein M represents the aforementioned transition metal atom. R* represents a group (ligand) having a cy- 
ctooentedienJ skeleton R* R'and R*each represent a group having a cyclopentadieny! skeleton, alkyl group. 
cSS group a^P, aralkyl group, alkoxy. group, aryloxy group, trialkylsilyi group. SO3R1 group, ha- 
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example, R* and R3 are the groups (I gands) iL^SSS^S ' ^"""toBm* ^eleton. For 

contains at least two groups (ligands ha^ng a S ^ *" 0ompound 0f for ™ ,a W 

through an alky,ene group sicS as e^ne^^^ may be linked together 

or diphenylmethylene, a silylene group or a subs Suted S^ ? 9r ° UP SUCh 38 iso P™PyIene 

lene or methyl phenylsilylene. Further, wSen SS^tS^ZT^^ " ^"^'Wene, diphenyfsHy- 

Bis(indenyl)zirconium dibramide, 
Bis(indenyl)2irconium bis(p-toluenesulfonate), 
Bis(4 I 5,6.7-tetrahydroindenyl)zrconium dichloride. 
Bis(fluorenyl)zirconium dichloride, 
Ethylenebis(indenyl)z1rconium dichloride, 
Ethylenebis(indenyl)zirconium dibramide, 
Ethylenebis(indenyl)dimethyl2irconium I 
Ethylenebis(indenyl)diphenylzirconium, 
Ethylenebis(indenyl)methylzirconium monochloride 
Ethylenebis(indenyl)zirconiu m bis(methanesulfonate) 
Ethylenebis(indenyl)zirconium bis(p-toluenesulfonate) 
Ethylenebi S (indenyl)zirconium bis(trifluoromethanesulfbnate) 
Ethyleneb,s(4.5,6./-tetrahydroindenyl)zirconi U m dichloride, 
soprppylidene(cyclopentadienyl-fluorenyl)zirconium dichloride 

ES? ,d 1 T e(C ^ OPentadieny,methy,cydo P entadien y | )zirconium dichloride 
D.methyls,ly| e nebis(cyclopentadienyl)zircon.um dichloride a,cn,onde . 

D Z223"m ^ en t' S d ^y^oPe^dienyl^irconium dichloride. 

S ™ £f •' y en t S(tnmethy,Cy0 ' opentadien V) ^conium dichloride. 
D.methyls.lylenebis<indenyl)zirconium dichloride 

D.niethylsilylenebi^-methylindenyl^irconium dichloride 
2Z22f ^ ene J. ,S(,ndeny,)zirconium b^rifluoromethane-sulfonate 

Diphenylsilylenebis(indenyl)zirconium dichloride 
D,pheny| si |^ 

Methylphenylsilylenebi S (indenyl)zirconium dichloride 

Bis(cydopentadienyl)zirconium dichloride, 

Bis(cyclopentadienyl)zirconium dibramide, 

Bis(cydopentadienyl)methylzirconium monochloride 

B's(cydopentadienyl)ethylzirconium monochloride 

Bis(cyclopentadienyl)cyclohexylzirconiummonochloride 

Bis(cyclopentadienyl)phenylzirconium monochloride 

Bis(cyclopentadienyl)benzylzirconium monochloride' 

Bis(cydopentadienyl)zirconium monochloride monohydride 

Bis(cyclopentadienyl)methylzirconium monohydride 
Bis(cyclopentadienyl)dimethylzirconium, 
Bis(cyclopentadienyl)diphenylzb-conium, 
Bis(cydopentadienyl)dibenzylzirconium, 
Bis(cyc(opentadienyl)zirconium methoxychloride 
Bis(cyclopentadienyl)zirconium ethoxychloride. 
Bis(cyclopentadienyl)zirconiumbis(methanesulfonate) 
Bis(cydopentadienyl)zirconiumbis(p-toluenesulfonate) 

Bis(cydopentadienyl)zirconiumbis(trif| U oromethanesulfonate) 
Bis(methylcyclopentadienyl)zirconium dichloride 
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Bis(dimethylcydopentadienyl)zireonium dichloride. 
Bis(dimethylcydopentadienyl)zirconium ethoxy chloride, 
Bis(dimethylcyclopentadieny1)zirconiumbis{trifluoromethanesulfonate), 

Bis(ethy1cyclopentadienyl)zireonium dichloride, 
Bis(methylethylcydopentedienyl)zirconium dichloride, 
Bis(propylcydopentadienyl)zirconium dichloride, 
Bis(methylpropylcyclopentadienyl)zirconiurn dichloride, 
^Bis(butylcydopentadienyl)zirconium dichloride, 
Bis(methylbutylcydopentadienyl)zirconium dichloride, 
Bis(methylbutylcydopentadienyl)zirconium bis(methanesulfonate), 
Bis(trimethylcyclopentadienyl)zirconium dichloride, 
Bis(tetramethylcyclopentadienyl)zirconium dichloride, 
Bis(pentamethylcydopentadienyl)zirconium dichloride, 
Bis(hexylcyclopentadienyt)zirconium dichloride, and 
Bis(trimethylsilylcyclopetnadienyl)zirconium dichloride. 
in the compounds exemplified above, the di-substituted cyclopentad.enyl nng includes 1.2- and 1,3-sub- 
stituted compounds, and theWsubstituted cydopentadienyl ring includes 1.2,3- and 1,2.4-subst.tuted com- 
pounds Further, the alkyl group such as propyl or butyl includes isomer such as n- ^sec-. tert-.somers. 

in the present invention, the above-exemplified zirconium compounds in wh.ch the z,rcon,um has been 
replaced by titanium or hafnium can also be used as the transition metal compounds. 

The organoaluminum oxy-compound (B) used in the present invention [hereinafter, somet.mes referred to 
as "component (B)1 may be a known aluminoxane or the benzeneinsoluble organoalum.num oxy-compound 

dte XT2^^^n!L aluminoxane may be prepared, for example, by the following procedures 

(1) a procedure for recovering an aluminoxane as its hydrocarbon solut.on wh.ch compnses addmg an or- 
ganoaluminum compound such as trialkylaluminum to a suspension in a hydrocarbon med.um; of a com- 
pound containing adsorbed water, ora salt containing water of crystallization such as magnes.um chlonde 
E y rate. copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate and cenum chlonde hy- 
drate, and reacting the organoaluminum compound; 

(2) a procedure for recovering an aluminoxane as its hydrocarbon solution wh.ch compnses reacting water, 
. S or s^am diractly with an organoaluminum compound such as trialkylaluminum ,n a solvent such as 

benzene, toluene, ethyl ether and tetrahydrofuran; and 

(3) a procedure for recovering an aluminoxane which comprises reactmg an organot.nox.de such as d - 
rnethyltinoxide and dibutyltinoxide with an.organoaluminum compound such as tnalkylalum.num .n a sol- 
vent such as tiecane, benzene or toluene. 

,n the above procedures, the aluminoxane is recovered in the form of solution of hydrocarbon, ^hermo^ 
the solvent or unreacted organoaluminum compound may be removed from the above-ment.oned recovered 
a^mrnoxane^containing solution, by distillation, and the aluminoxane may be dissolved ,n a solvent 

Concrete examples of the organoaluminum compound used for the preparation of the alum.noxane include 
Sylaluminum such as trimethylaluminum. triethylaluminum. tripropylaluminum, tn.sopropyfc um.- 
num tn^n bLt y ra?uminum. triisobuty.aluminum. tri-sec-butyla.uminum. tri-tert-butyla.uminum. tnpenty^alum,- 
num,trihexylaluminum.trioctylaluminumandtridecylalum.num; 

tricydoalkylaluminums such as tricydohexylaluminum and tncydooctylalumnium 

dialkylaluminum halides such as dimethylaluminum chloride, diethylalummum chlonde. d.ethylalum.num 

^X™^ ^ride and diisobuty.aluminum hydride; 

dSalumlnum aLxides such as dimethylaluminum methoxide and diethylalummum ethox.de; and 
dialkylaluminum aryloxides such as diethylaluminum phenox.de. 
Of these compounds, trialkylaluminum and tricydoalkylaluminum are preferable. _ 
Furthermore, there may also be used, as the organoaluminum compound, isoprenylalum.num represented 
by the following general formula (II); 

(HC^yu^CgHtok (») 
wherein x v and z are each a positive number, and z s 2x. 

The organoaluminum compounds mentioned above may be used either singly or m comb.nat.on of two 

Solvents used for the solutions of the aluminoxane indude aromatic hydrocarbons such as benzene, tol- 
uene xylene, cumene and cymene; aliphatic hydrocarbons such as pentane. hexane, heptane octane, decane. 
dodecane, hexadecane andVctadecane; a.icyclic hydrocarbons such as cydopentane. cydohexane. cyclooc- 
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hydrogan chaining LZZJE ^aZ h.X ' ° T"' "" h " ater " » «*«- 

men " < " ,ed """"*■*- -» — — <n - mm* - M „ tte , orm « w . 

.o lto *g'n 0 ir ,a ' n ' n9 ' COmPOU,K1 (C) U>M * - ■"-« »~»» «• «• "owing Ka^*,, M 
d-mathyt-S-panHnana. ' * **»>ona, 4-hydn,xy-3-mathyP2-twta,K»,a ami tiwkox,. 

5.Wim.th»l-J,4-h«< imM lon., lae/tttem^at^Jil l"^ 2 **™"****. 1.U*m*m. 
•»*P»*n»aa, 2 -aca t y^^ 

Pa>pan«diona. 1*d i pto n ^ 2 . lMhyt1 , 3 . piD ^^ to ^^5^^^~do„R 1.3-diphanW-1.3- 

■ypT^^rj^^ 

. ^^^-^SSSTS^- \ — ■ <* — * . m* group. 

alkenylaluminum such as isoprenylaluminum- 

alkylaluminum dihalides such 38^7^,1?? ! ethylaluminum sesquibromide; 
num dich.or.de and ^^^dS^S" ,Um a,Cni ° nde - eth ^»««ninum dich.or.de. 

isopropylalumi- 

aat,.xyfalun*um hydrtd., «pK.nyla.laum hrtdS dHZZi^*' f"'"**"*''"" hyddde, dp. 
hydrtde and di-asp-nonylaluminam hyil* d^ydohexylalunanum hydnda. dPsad-haptylalaminum 

arganoaUan.™ oompounds „ menli< , ne< , ^ ^ £ Jj^ ^ 
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^(^mpounds of the formula R"„AI (OR^„ such as dimethylaluminum methoxide, diethylaluminum eth- 
oxide and diisobutylaluminum methoxide. ........ . . , . 

S Compounds of the formula R« n A!(OSiR8 3 ). n SU ch as Et.AHOSiMe.). (iso-Bu^OS.Me,) and (.so- 

^Sunds of the formula Re^OAIR^n such as Et^OAlEt, ^^SS^SS^Limim 

(4) Compounds of the formula RV^NR^n such as Me 2 AINEt 2 , Et^lNHMe, Me^NHEt. Et 2 AlN(S.- 
Me 3 ) 2 . (iso-Bu)2AIN(SiMe 3 ) 2 . 

(5) Compounds of the formula Re„AKSiR 11 3 )3- n such as (iso-Bu^S.Me-,. 

(6) Compounds of the formula R^KNfR^AIR 13 ^ n such as 

having the formulas ..,^».« a v 

RSAI. R^OR^ o and R^COAIR^s. „, 
and particularly preferred are those having the above-mentioned formulas in which R« « isoalkyl and r , ,s 2. 

in the supported olefin polymerization-catalyst according to the present mvent.on, the above ment.oned 
comDonents are supported oh the following solid carrier. 

The carrier used in the present invention is a solid inorganic or organic compound .n granules or fine par- 
tides having a partide size of 10 to 300 urn, preferab.y 20 to 200 „m. Of thes< , carriers porous oxides are 
preferable as inorganic carriers. Concrete examples of the oxide carnej -ncU.de S.O., AJ 2 0 3 , MgO, ^, T,0 2 
B,0, CaO ZnO BaO I Th0 2 ,oramixtureofthesecompoundssuchasSI0 2 -MgO,Si0 2 -AI 2 0 3 ,Si0 2 -710 2 .Si0 2 - 
V 2 05 Si0 2 -Cr 2 0 3 andSiO r Ti0 2 -MgO.Ofthesecarriers. preferred are those comprising at least one compound 
selected from the group consisting of SI0 2 and Al 2 0 3 as a major component ...... 

Furthermore the above-mentioned inorganic oxide may also contain a small amount of a carbonate such 
as Na 2 CO;Xc0 3 . CaC0 3 and MgC0 3 . a sulfate such as Na 2 SC- 4 , AJ 2 (S0 4 ) 3 and BaSO... a mtrate such as 
KNO, Mo{N0 3 ) 2 and AI(N0 3 ) 3 . and an oxide such as NazO, K 2 0 and Li 2 0. - 

Though the carriers hav; different properties among them depending on the types and prepare tion me h- 
ods thereof the carriers preferably used in the invention have a specific surface area of 50 to 1 000 m*/g, pre- 
fereoEr 100 to ,700 m*/g, a pore volume of desirably 0.3 to 2.5 cm3/g. The earners are prepared ,f necessary 
by firing at a temperature of 100 to 1000°C. preferably 150 to 700°C. « 

Moreover, there can be mentioned organic compounds in solid granules orf me so.,d parties each hav ng 
a particle size of 1 0 to 300 urn as carriers which can be used as the carrier in the present ^ ent ' on -. Ex ^!! 
of these organic compounds include (co)po.ymers containing as the main component ^"^^ 
f rom an a-olefin of 2 to 14 carbon atoms, such as ethylene, propylene. 1-butene and 4-methyl-1-pentene, or 
po^e* -or copolymers containing as the main component constituent units derived from v.nylcyclohexane 

° f St Se n olef in polymerization catalysts of the present invention are illustrated below in more detail. 
The first olefin polymerization catalyst of the invention comprises 

^ a Snsftion meS compound of the group IVB of the periodic table containing a ligand having a cycle- 
pentadienyl skeleton, 

(B) an organoaluminum oxy compound, and . _ ... 

; C) at least one kind of carbonyl-containing compound selected from ketoalcohol and M iketone. 

The second olefin polymerization catalyst of the invention comprises 

Wzto^tL meL cTmpound of the group IVB of the periodic table containing a ligand hav.ng a cycle- 
pentadienyl skeleton, 

g ZSZffiSSZS^ -pound selected from k etoa,coho, and p-diketone. and 

mentioned cat al yst components to the polymerization system, followed by bringing them .nto contac t wrth one 
another by mixing in the polymerization system. It is also possible that at least two components of theforegoing 
catalys components are brought into beforehand with each other by mixing outside the polymenzation system 
^tSSTs ~ntaoted mixture is then added to the polymerization system, in this case, although , an order o 
contact of the catalyst components is not critical, it is preferable that the components B and (C) are ire 
b^ghtSto contact by mixing with each other, and the component (A) and. if necessary (D) are then brought 
into contact bv mixing with the already contacted (B)-(C) mixture. 

Se above-mentLed components may be brought into contact by mixing with one another ,n an mert hy- 

drocarbon solvent. 
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- 2x10-2 mol/liter-solvent. preferaSy 2x10- - iV ZSZ L.™?^ ' W " USed ,n a " amount of 10 " 
of 10-5000, preferably 20-1000 and especially IS^tSSS ^ TOO"* (B) * US6d an ■"«"■* 
5 A.) contained in said component (B) to Si^ „^ 

.s used in an amount, based on 1 mole of aluminum conSnS in Z COmponent < A >- The component (C) 

r^redT^ 

anotheris-SO^ISO^X^O S:r;r broU5 ?*^^- 
5 to 600 minutes. The mixing J^T^ ™ S^^t^T^ 1 to 1 000 """"tes. preferably 
contact by mixing of the components cnanged at the t.me of performing the above-mentioned 

(B) and ,C). , M the sou,,™ thus X^^rCTohTS.^T 80 !" < " ,te «"»<»»*• 

and, if ne^ssary. , he compound (O) 9 "*° °° rt * a "» """""S wlm «"» <»mpon«il (A) 

0»„d^ 

decane, kerosene, etc., alicyclic hydrocarbonsTrh * ,<= ? !* * ^ ' 6Xane ' neptane ' octane ' decane, do- 
aromatic hydrocarbons suJas benSne toluene ^ xylenTeTTaS ^iT"* ^Mcydohexane, etc.. 
chloride chtorobenzene, dich,o rom ethane, J£2 3£ZX£? hydrOCarbo " 8 s «<* as ethylene 

™^ 

Now the invention is illustrated hJ«inlfter^K Polymers high .n molecular weight 

Polymerization or copolymerization of oLfL i„Ti, ^'y 8 * 8 of 1,16 '"vention are used. 
Phase such as solution po^TnSSn^ are out usually in a liquid 

olefin polymerization catalysts. In the StaTlS ? 0,6 r 86 " 06 0/4,16 fore 9oing first and second 
mentioned inert hydrocarbons as so,v^ ™* be used the above- 

The inert hydrocarbons used in the soLt o^rJ,™^ ' nS themse,ves as solvents, 

hydrocarbons such as propane, bine t^tZS^Z^l ^ 
octadecane. etc., alicyclic hydmcarbons sue dodec ane, hexadecane, 
tana, etc aromatic hydrocarbons ^«T2SXKT5^2 ^dTetT' T^ 6 * 3 " 6 ' 
solene. kerosene, light oil etc ^ ' ' and P etrole "m fractions such as ga- 

ea^r^ -V- of the invention are 

of 10- - 10- gra m atom, preferably 10- ™r£ gram SSfTTESilL r^ - " 0 " meta ' """P 0 "" 0 < A >" 
ponent (B) is preferably used in an amount in terms* Tjr Ji l* f ^ P 0 *"*"**** volume. The corn- 
in the component (B) to transition metal colt^ 

especially 30-500. The component (C) is n refera wv „l!wL (A)t ° f 1 °" 5000 ' P ref erably 20-1000 and 

in the component (B). of o££*2S^ °" 1 ?*» ' aluminumco ntained 

when the component (D) is used, said component (D) fa m£LT w especally 0.03-0.15 mole. Further, 
(AI-d/AI-b) of aluminum atom <A.ld) conSfn ^oSKSfSSTl" " am ° Unt ' ° fat ° mic ratio 
component (B), of 0.02-3. preferably 0 05-1 5 """P 0 " 6 " 1 < D > «° aluminum atom (Al-b) contained in the 

of aluminum (Al) contained in said solution X "^^^1^.? at ° miC ^ ^nsition ^ta.) 
ferably 20-1 000 and especially 30-500. ,ranSrt,on metal blamed in the component (A), of 10-5000. pre- 
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When solution or slurry polymerization of olefins is carried out, the polymerization temperature employed 

iS employed is ordinary pressure to 100 Kg/cm* preferab* 2-50 Kg/on* the 

polymerization may be carried out by any of batch process, semi-continuous process and continuous ; process. 

s This polymerization may also be carried out at two stages or more wherem reaction conditions to be em- 

Dloved are different from each other. *■..*»». 

The olefins that can be polymerized by using the first and second olefin polymerization catalysts of the 
present invention include ethylene and a-olef in having 3-20 carbons, for example propylene. 1 -butene. 1-pen- 
tene 1-hexene. 4-methyl-1-pentene. 1-octene. 1-decene. 1-dodecene. 1-tetradecene. 1-hexadecene. 1-oc- 

10 tadecene and 1-eicosene; cycloolefins having 3-20 carbons, for example, cyclopentene. cycloheptene. nor- 
bornfne tmethylSnorbornene, tetracyclododecene. Z-methyl-I^.S.^dimetanc-I^.^.Aa.S.S.Sa-octahy- 

dron Thrsuiported olefin polymerization catalyst of the invention is illustrated below in more detail. 
The third olefin polymerization catalyst of the invention is a solid catalyst compns.ng 

15 . (A)Vt 0 ransrttonmetal compound of the group IVB of the periodic table containing a ligand having a cyclo- 
pentadienyl skeleton, 

(B) an organoaluminum oxy compound, and 

C at least one kind of carbonyl-containing compound selected from ketoalcohol and p-d. ketone, 

wherein the components (A), (B) and (C) are supported on the solid carrier. 

This olefin polymerization catalyst (solid catalyst component [1-1]) may be prepared by bringing the com- 
oonents (A) (B) (C) and a solid carrier into contact by mixing them in an inert hydrocarbon solvent 
P T£XSiX niing order of the foregoing components is not critica.. it is desirable that the components 
(B) and (Q are first brought into contact by mixing each other, and the component (A) or the solid earner ,s 
brought into contact by mixing with the first contacted components (B) and (C). • 
The fourth olefin polymerization catalyst of the invention is a solid catalyst compnsing ^ 

(A^ranStonmetal compound of the group IVB of the periodic table containing a ligand haviiig a cycle- 
pentadienyl skeleton, 

(B) an organoaluminum oxy compound, ' " 

. (C) at least one kind of carbonyl-containing compound selected from ketoalcohol and p-diketone, and 
(D) an organoaluminum compound, 

wherein the components (A). (B), (C) and (D) are supported on the solid earner. 
This olefin polymerization catalyst (solid catalyst component [I-2]) may be prepared by bnng.ng the com- 
nonents (A\ (B) (C) (D) and the solid carrier in an inert hydrocarbon solvent 

P AliughfheSxing order of the above-mentioned component is not critical, it is preferable that *e com- 
ponents (B) and (C) are first brought into contact by mixing each other, and the component (A) or the sohd 
caS and the ^component (D) are then brought into contact by mixing with the first contacted components (B) 

ln C !he present invention, when the components of the foregoing third and fourth supported catalys *s are 
mixed together the component (A) is used in an amount per 1 g of the solid carrier, of 1(H- 5x10-* mole, pre- 
ZwEo?- l£mo.e. The concentration of the component (A) is 10-- 2x10- mol/liter-solvent preferably 
2xTo^ - 1 0- mol/liter-solvent The component (B) is used in an amount in terms of atom.c ratio (^ransit^n 
metaO of aluminum contained in the component (B) to transition metal contained in the component (A), of 10- 
500 ore erably 20-200 The component (C) is used in an amount, per 1 mol of alum.num conta.ned in the com- 
Donen «B o 0 01-C 1 25 mole, preferably 0.02-0.20 mole and especially 0.03-0.15 mole. When the component 
(D)Ts used lai'c ^component D) is useS in an amount in terms of gram atomic ratio (AJ-d/AJ-b) of aluminum 
itom (AJ -d) contained^said component (D) to aluminum atom (Al-b) contained in the component (B). of 0.01- 

1,P Tnemix1ngW 

preferably 20 to 120-0. and the contact time is a period of 1-1000 minutes, preferably 5-600 minutes. The 
mi*inn-contact time and mixing temperature may be varied. 

nthTpra^ invention, it I desirable that the components (B) and (C) are brought into contact ,n advance 
with each other in an inert hydrocarbon solvent to prepare a solution containing a contacted mixture of the com- 
ponents (B) and (C), and the solution is then brought into contact by mixing with other components. 

When the components (B) and (C) are brought into contact by mixing with each other in advance, the con- 
centraton of tS wmponent (B) is 0.01-5 mol/liter-solvent, preferably 0.1-3 mol/liter-solvent The component 
iC) Tpraferab^ ^uSXan amount per 1 mo.e of aluminum contained in the component (B). of 0.01 425 mole. 
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preferably 0.02-0.20 mole and especially 0 03-0 1 5 moi* Th* m - • . 

of contact by mixing the component (B> w« hTe co ^0^77^1^ " V * the time 

contact t,me is a period of 1-1000 minutes. preferabTy Teoo mini's 5 ° °' ^ 12 °° C - and th ° 

supped XTs"^^ 
Ported catalysts. Particu.arly.lZ, the comply 

each other to prepare a solution containing a contacted 5b3w2tT 9 ' ° C °" tact by mixin 9 with 

is then brought into contact by mixing with omS S^Zl Th «™Ponents (B) and (C), and the solution 
containing the supported components f S^SSTfiT 6 3 SO,id "^-mponent 

hydrocarbons such as cydopentane, cydohexane mS T*oZ£ \ ker ° Sene ' a,ic ^ 

benzene, toluene, xylene, etc; h-o£L2K£2K 2222? j. ."ST tiC ««* as 

methane, or mixture thereof nyarocarbons such as ethylenechloride. chlorobenzene, dichloro- 

ferably 1JH . 2x 1C -g ra m atom, the alum^Z atom,™ iS^?^:* 104 "'" atom ' 
- 5x10-2 gram atom, preferably 2x10^-2x1 <H 0^1111^ ( } supported in an amount of 10-3 
1 CM- 5x10-3 mole , preferably 2x10- - 2xWoT «™P°nent (C) is supported in an amount 

preferably 10^-2x10- gram atom, the alumZTa^ Si!. ° f 5x1 °" " 5x1( ^ 9 ram at ™. 

an amount of 10-3 - 5x10- gram atom. SZ^^ T^ a^T^ (D) "» SUPP ° rted in 

ported in an amount of 10- - 5x10- ^ preferab^lO^ 2^0^mo!e ' " *" C ° mP ° nent (C) * SUp " 

(Mi an: (^r 0 ;rr u r u ™ the ^ - — — ^ comPonent 

The sixth olefin polymerization ort^JS^JS^ILSS 0 7 °' ' eSS ' Preferab * 5 to 200 
» d-2] and (E) an organoaluminum compound compnses the aforesaid solid catalyst component 

The organoaluminum compound (E) usedTnTe f?«h ! f ,7 " ' eSS ' prcferab 'y 5-200 moles. 

fAl a trpncifinn ~~ ■ _ - .. * 
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^"""fnsmg a solid carrier, 

(A) a transition metal compound of the ornun i\/r fK^ ~ • 

pentadienyl skeleton, 9 P VB * the pen0d,c tab,e containing a ligand having a cydo- 

(B) an organoaluminum oxy compound and 

a solid earner. 

(A) a transition metal compound of the orouo IVR nf th* * 

pentadienyl skeleton, 9 P 8 ° f the penod,c teb,e staining a ligand having a cycle- 

(B) an organoaluminum oxy compound 

« ZZZ^'SSSST*' C ° m,,OUna "™ *- « > an. 

a P^pCSiSSrr « « (D) » ■i— « - a* ca^en an. 

In practicing the prepolymerization the comnnnT„t /a1 ( ^ (C) ' (D) and the so,id 
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of transition metal, of 5x10-6 . 5x10 - mole, preferably 1<H- 2x10- mol per 1 g of the solid earner. The com- 
oonent (B) is used in an amount, in terms of atomic ratio (Al/transition metal) of aluminum (Al) contained in 
said component (B) to transition metal contained in the compound (A), of 10-500. preferably 20-200. The com- 
ponent (C) is used in an amount, per 1 mole of the component (B). of 0.01-0.25 mole, preferably 0.02-0 20 
mole and especially 0.03-0.15 mole. Further, when the component (D) is used, said component (D) is used in 
an amount, in terms of atomic ratio (AI-d/AI-b) of aluminum atom (Al-d) contained in said component (D) to 
aluminum atom (Al-b) contained in the component (B). of 0.01-1. preferably 0.02-0.5. 

When the seventh olefin polymerization catalyst is prepared by prepolymenzation of olefin in the presence 
of the above-mentioned solid catalyst component [1-1]. the solid catalyst component [1-1] is used in an amount, 
in terms of the component (A), of 10- 6 -2x10" 2 mol/liter (polymerization volume), preferably 5x1 <H - 1 0-* moVI it- 
er In this case there may be used the organoaluminum compound (D), if necessary. When the organoalumi- 
num compound (D) is used, said compound (D) is used in an amount, per 1 gram atom of the transrt.on metal 
of the component (A) contained in the solid catalyst component [1-1], of not more than 200 moles, preferably 

3 ^Whenttie eighth olefin polymerization catalyst is prepared by the prepolymerization of olefin in the pres- 
ence of the aforesaid solid catalyst component [I-2], said solid catalyst component p-2] is used in an amount, 
in terms of the component (A)', of 1 O* - 2x1 (H mol/liter (polymerization volume), preferably 5x1 0-* - 1 0-* mol/lrt- 
er. In this case there may be used the organoaluminum compound (D) may be used, if necessary. When the 
organoaluminum compound (D) is used in this manner, said compound (D) is used in an amount, per 1 gram 
atom of the transition metal of the component (A) contained in the solid catalyst component [1-2], of not more 
than 200 moles, preferably 3-150 moles. ■ 

The prepolymerization temperature employed is -20 to 80°C, preferably 0-60°C and especially 10-50-C. 
and the prepolymerization time is a period of about 0.5-100 hours, preferably 1-50 hours. 

In practicing the prepolymerization, there are used olefins similar to those used in the polymenzation men- 
tioned later Preferably, however, the olefins used are those having ethylene as their principal ingredient 

The prepolymerization may be earned out by any of batchwise, semi-continuous and continuous process- 



es. 



In the seventh olefin polymerization catalyst of the invention, it is desirable that the transition'metal atom 
contained in the component (A) is supported in an amount, per 1 g of the solid carrier, of 5x1 fr« - 5x10- gram 
atom oreferably 10-* - 2x10- gram atom, the aluminum atom contained in the component (B) is supported in 
an amount aM 0-» - 5x10-2 gram atom, preferably 2x10-3 . 2x1 gram atom, the component (C) issupported 
in an amount of 10- - 5x10-3 mo |, preferably 2x10- - 2x10-3 m0 |, and the polymer resulting at the time of pre- 
polymerization is contained in an amount, per 1 g of the solid carrier, of 0.1-500 g. preferably 0.3-300 g and 
ssDGcisllv 1—100 

Further in the eighth polymerization catalyst of the invention, it is desirable that the transition metal atom 
from the component (A) is supported in an amount, per 1 g of the solid carrier, of 5x10-* - 5x10- gram atom, 
oreferablv 10-5-2x10- gram atom, the aluminum atoms from the components (B) and (D) are supported in 
an amount of 10^ - 5x10-2 gra m atom, preferably 2x10-3 . 2x10-2 gra m atom, the component (C) is supported 
in an amount of 10- - 5x10-3 mo , t preferably 2x10- - 2x10-3 mo |, and the polymer resulting at the time of the 
p^^Zon ls contained in an amount, per 1 g of the solid carrier, of 0.1-500 g. preferably 0.3-300g and 

GSDSCisllv 1-100 Q 

The ninth polymerization catalyst of the invention comprises the aforesaid prepolymerized catalyst com- 
Donent fl*-1] and (E) the organoaluminum compound. 

The component (E) is preferably used in an amount, per 1 gram atom of the transition metal atom of the 
component (A) contained in the prepolymerized catalyst component [M]. of not more than 500 moles, prefer- 

abl ^ftenth°Sef in polymerization catalyst of the invention comprises the aforesaid prepolymerized catalyst 
component [l'-2] and (E) the organoaluminum compound. 

The component (E) is preferably used in an amount, per 1 gram atom of the transition metal atom of the 
component (A) contained in the prepolymerized catalyst component [l'-2]. of not more than 500 moles, prefer- 

abl ^fo°rg r anoaluminum components (E) used in the ninth and tenth olefin polymerization catalysts of the 
invention are those similar to the aforesaid organoaluminum compounds (D). 

The supported olefin polymerization catalysts of the invention may contain other components useful for 
55 olefin polymerization than the above-mentioned components. 

The supported olefin polymerization catalysts of the invention as illustrated above are excellent in poly- 
merization activity per catalyst unit weight and capable of giving polymers uniform in particle size (there are 
contained only few fine powdery polymers). 
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polymerization can be oenS ^^£^^1^^?™*™'*'""' <«»*"■**». or oo- 
merfeation end vepor.pheee polymertzeoS, p^,S» >»!>^al«>" Process sueh as suspension poly. 

need for «gano JnL,m J«™*ETrl2S!; '•" ' hiS ^ ma ' * 

K9 W, preferably ordinary pressure^ "T' 0 e " >P "" e ° 15 ""T - ™> 

bafchwise. T"*" ™ y "* * "» « 

by dbddlng w. ,»o cur** or more -^,^^ 00^^'^ *° * < -* d °" 

ten.. ,-bcne. d^e.by-.l-pen^e, £ZX^l£^725Z2TZ^ 
tadecene and 1-eicosene- cvcloolefin af^9f\ M rh«ne * , ' w^raaecene, 1-hexadecene, 1-oc- 

5™«.y,-2.„orbor„e„., f2m^1ooc^ 

fhafene. «c Perth., m, /a, so ta U eed^^^r^;^ 5A< ^' ,, *' , " Ph - 

EFFECT OF THE INVENTION 

exoeteXCraS^ 

to the eupported olefin polymerization Xd Z f teoh, 9 h,n ™ le P*'»el9ht F u rtber.aooordta 9 

- oT=~zr^ : " tr= 

EMBODIMENT 
[Melt flow rate] 

Measurement was carried out in accordance with ASTM D785 under th* mnHif; rt n. k u 
was 190-C and a load applied was 2.16 kg. ,mM * ,M asunder the conditions where the temperature 

[Density] 

Measurement was carried out according to a density gradient tube method! 
[Average particle diameter and amount of finely divided powder] 

Measurements of average particle diameter and amount of finely divided powder were carried out by using 
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a sieve. 
Example 1 

s [Contact of methyl aluminoxane with p-diketone] 

A thoroughly nitrogen purged 200 ml glass flask was charged with 76.3 ml of methyl aluminoxane in toluene 
(a product of Schering, Lot No. TB6-49.AI; 1.31 mole/I) and 23.7 ml of toluene. 

The system was cooled to 0°C. and 30 ml of a toluene solution of acetytacetone (0.25 mol/l) was then added 
10 dropwise in a period of 20 minutes. Successively, reaction was allowed to undergo for 30 minutes at 0°C, for 

1 hour at room temperature and then 4 hours at 40°C. 

The reaction product of methyl aluminoxane with acetylacetone (hereinafter called modified methyl alu- 
minoxane (a)") was homogeneous pale yellow toluene solution. 

15 [Polymerization] 

A thoroughly nitrogen purged 1 liter glass autoclave was charged with 465 ml of toluene and 35 ml of 1- 
octene, and the temperature within the system was elevated to 50°C. , « . , 

Thereafter, while feeding ethylene gas, polymerization was initiated by adding 0.67 ml of a toluene solution 
20 (Ah 0 74 mol/l) of the above-mentioned modified methyl aluminoxane (a) and 1 .25 ml of a toluene solution (Zr. 

2 mmol/l) of bis(1 ,3-n-butyimethylcyclopentadienyl)zirconium dichloride to the autoclave. Subsequently, wh.le 
continuously feeding ethylene gas, the polymerization was allowed to proceed under normal pressure at 50 C 

f0f The polymerization was stopped by addition to the system of small amount of methanol, and the polymer 
solution was poured in large amounts of methanol to separate the polymer. The polymer was recovered by 
filtration and dried under reduced pressure at 80°C overnight to obtain 12.8 g of an ethylene/1-octene copo- 
lymer having MFR of 0.33 g/10 min and a density of 0.905 g/cm». Results obtained are shown in Table 1. 
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Comparative Example 1 



[Polymerization] -.. 

There was obtained 1 3.9 g of an ethylene/1-octene copolymer having MFR of 1 .32 g/10 min and a density 
of 0 905 g/cm3 by carrying out copolymerization of ethylene and 1-octene in the same manner as in Example 
1 except that in place of the toluene solution of modified methyl aluminoxane (a), there was used methyl a ki- 
minoxane (a product of Schering. Lot No. TB 6-49) in an amount of 0.5 mg atom in terms of Al atom. Results 
obtained are shown in Table 1. 



Example 2 

[Contact of methyl aluminoxane with B-d'k etone l 



Methyl aluminoxane was allowed to react with acetylacetone in the same manner as in Example 1 except 
that in place of the methyl aluminoxane (Lot No. TB 6-49). there was used methyl aluminoxane (a product of 

45 Sa ^-^^^J^^ B reaction product of met hyl aluminoxane and acetylacetone (hereinafter called 
"modified methyl aluminoxane (b)") was homogeneous pale yellow. 

[Polymerization] 

50 Copolymerization of ethylene and 1-octene was earned out in the same manner as in Example 1 except 

that in place of a toluene solution of the modified methyl aluminoxane (a), there was used the toUiene solut.on 
of the above-mentioned modified methyl aluminoxane (b). thereby obtaining 14.0 g of an ethylene/1 -octene 
copolymer having MFR of 0.29 g/10 min and a density of 0.904 g/cm*. Results are shown in Table 1. 
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Comparative Example 2 
Polymerization] 



10 Example 3 

[Contact of aluminoxane with p-diketone] 
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Aluminoxane and acetylacetone were reacted with each nthpr hi/r»r>*»ti»~ 
Pie 1 except that in place of the methyl aluminoxan^ M ™* anner as in Exam- 



[Polymerization] 



Comparative Example 3 
[Polymerization] 



of modified moihyl al uminoxane (a) iter. Z?.?L?SZZZ? " place * "" ,ol " e " e •*«» 



35 Example 4 

[Polymerization] 
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^P^atinp.aceofthebisO^ 

clopentadienyt^onlum dichlonde. Results 0.^^^^^^^^^^^ 

Comparative Example 4 

[Polymerization] 

Example 5 

[Contact of methyl aluminoxane with p-diketone] 

Reaction of methyl aluminoxane with acetylacetone was rarrioH ^,.f ; n 
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product of methyl aluminoxane and acetylacetone (hereinafter called "modified methyl aluminoxane (d)°) was 
a homogeneous pale yellow. 

polymerization] 

There was obtained 1 3.4 g of an ethyiene/1-octene copolymer having MFR of 0.45 g/1 0 min and a density 
of 0 905 g/cm* by carrying out copolymerization of ethylene and 1-octene in the same manner as in Example 
1 except that in place of the toluene solution of the modified methyl aluminoxane (a), there was used the above- 
mentioned modified methyl aluminoxane (d). Results obtained are shown in Table 1. 

Example 6 

[Contact of methyl aluminoxane with p-diketone] 

Aluminoxane was allowed to react with 4-hydroxy-3-methyl-2-butanone in the same manner as in Example 
1 except that in place of the acetylacetone, there was used 7.5 mmol of 4-hydroxy-3-methyl-2-butanone. The 
toluene solution of the reaction product of aluminoxane and 4-hydroxy-3-methyl-2-butanone (hereinafter called 
"modified aluminoxane (e)") was a homogeneous pale yellow. 

20 [Polymerization] 

There was obtained 11.3 g of an ethylene/1 -octene copolymer having MFR of 0.29 g/10 min and a density 
of 0 906 g/cm3 by carrying out copolymerization of ethylene and 1-octene in the same manner as in Example 
1 except that in place of the modified methyl aluminoxane (a), there was used the above-mentioned modified 
25 aluminoxane (e). Results obtained are shown in Table 1 . • 

Example 7 

[Polymerization] . . ^ 

There was obtained 1 2.3 g of an ethylene/1 -decene copolymer having MFR of 0.38 g/1 0 min arid a density 
of 0.903 g/cm3 by carrying out the copolymerization of Example 1 except that in place of 1-octene; there was 
used 40 ml of 1-decene. Results obtained are shown in Table 1. 
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Table 1 





Copolymer 


Polymer- 
.izat ion 
activity 
*1 ) 


MFR 
(g/lOmin . ) 


Density 
(g/cm 3 ) 


Example 1 


Ethylene/l-octene 


5120 


1 0.33 


0.905 


Comp. Ex.1 


Ethylene/l-octene 


5560 


1.32 


0.905 I 


Example 2 


Ethylene/l-octene 


5600 


0.29 


0.904 1 


Comp .Ex.2 


Ethylene/ 1-octene 


5800 


1 0.87 


0 . 905 1 


Example 3 


EthyJ.ene/1-octene 


5080 


0.22 


0.905 


Comp. Ex. 3 


Ethylene/l-octene 


6600 


1. 54 


0.905 


Example 4 


Ethylene/l-octene 


5400 


0.74 


0.907 


Comp. Ex. 4 


Ethylene/l-octene 


6320 


6.94 


0.906 


Example 5 


Ethylene/l-octene 


5360 


0.45 


0.905 I 


Example 6 


Ethylene/l-octene 


4520 j 


0.29 


0.906 1 


Example 7 


Ethylene/ 1-decene 


4920 


0.38 


0.903 I 



*1 ) g-polymer/mmol . 2r 
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Example 8 

[Contact of methyl aluminoxane with 0-diketone] 

c^w^ 

carried out for 30 minutes at 0°C and then for 4 hours a 4o£ : Th^if ?■' SuCC6ss,ve, y' reacfo " was 

methyl aluminoxane and acetylacetone oStaSToSS SiS^I ! V ° f *" reaCti ° n Pr ° duCt ° f 
neous pale yellow. (Hereinafter called mod.fied methyl aluminoxane (f)") was homoge- 

[Preparation of solid catalyst (A-1)] 

and the reaction was carried out at that temperature , J e tors tempera,ure was raised up to 60-0 
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[Preparation of prepolymerized catalyst (B-1)] 

There was obtained the prepolymerized catalyst (B-1)] containing 3.7 mg of zirconium and 3 g of polyethy- 
lene per 1 g of the solid catalyst component (A-1) by carrying out prepolymerization of ethylene at 50°C for 3 
5 hours while adding 2.75 g of the above-mentioned solid catalyst component (A-1) to 100 ml of hexane con- 
taining 5.6 mmol of diisobutylaluminum hydride. 

[Polymerization] 

10 A thoroughly nitrogen purged 2 liter stainless autoclave was charged with 1 liter of hexane, and the system 

was substituted with ethylene. Thereafter, the autoclave was charged with 40 ml of 1-hexene, and the tem- 
perature within the system was elevated to 70°C. Successively, polymerization was initiated by charging under 
pressure 0.75 mmol of triisobutyl aluminum and 112 mg of the prepolymerized catalyst (B-1) prepared above 
as a solid catalyst. 

is Thereafter, ethylene was fed continuously to carry out polymerization for 1 .5 hours at 80°C under a pres- 

sure of 8 kg/cm 3 -G. ' , K 

After completion of the polymerization, the resulting polymer was recovered by filtration, there was ob- 
tained 336 g of the ethylene/1 -hexene copolymer by drying under reduced pressure at 80°C overnight. The 
resulting copolymer had MFR of 0.13 g/10 min as measured under a load of 2.16 kg at 190°C, a density of 

20 0 922 g/cm 3 a bulk density of 0.44 g/cm 3 , an average particle diameter of 630 urn and fine powderly polymer 
of below 1 00 urn in an amount of 0.05% by weight. The activity per sol id catalyst was 3000 g-polymer/g-catalyst. 
Results obtained are shown in Table 2. 



25 



30 



Comparative Example 5 

[Preparation of solid catalyst component (A-2)] ? 

A solid catalyst component was prepared in the same manner as in Example 8 except that in place of the 
toluene solution of the modified methyl aluminoxane (f), there was used methyl aluminoxane (a product of 
Schering, Lot No. TB 6.1-503). In 1 g of the solid catalyst component (A-2) thus obtained, there were contained 
88 mg of aluminum and 1.6 mg of zirconium. 

[Preparation of prepolymerized catalyst (B-2)] 

35 A prepolymerized catalyst (B-2) containing 1 .1 mg of zirconium and 3 g of polyethylene per 1 g of the solid 

catalyst component (A-2) was prepared by carrying out prepolymerization of ethylene at 50°C for 3 hours wh.le 
adding 6.31 g of the above-mentioned solid catalyst component (A-2) to 200ml of hexane containing 5.6 mmol 
of diisobutylaluminum hydride. 

40 [Polymerization] 

In the same manner as in Example 8, copol vmerization of ethylene and 1-hexene was carried out to obtain 
383 g of an ethylene/1 -hexene copolymer, except that in place of the prepolymerized catalyst (B-1), there was 
used 41 5 mg of the above-mentioned prepolymerized catalyst (B-2). The resulting copolymer had MFR of 0. 1 8 
g/1 0 min a density of 0.923 g/cm 3 . a bulk density of 0.36 g/cm 3 . an average particle diameter of 440 urn. and 
an amount of fine powdery polymer of below 100 urn of 0.20% by weight The activity per solid catalyst was 
920 g-polymer/g-catalyst Results obtained are shown in Table 2. 



45 



50 



Example 9 

[Contact of methyl aluminoxane with p-diketone] 



In the same manner as in Example 8, methyl aluminoxane was allowed to react with acetylacetone. except 
that in place of methyl aluminoxane (Lot No. TB 6.1-503), there was used methyl aluminoxane (a product of 
55 Schering Lot No TB 6.1-373). The toluene solution of the reaction product of methyl aluminoxane and acet- 
ylacetone thus obtained (hereinafter called "modified methyl aluminoxane (g) n ) was homogeneous pale yellow. 
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[Preparation of solid catalyst component (A-3)] 
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a toluene solution?/^ 02 rn^ o ^ZlZ^JT™ d "~ - 10 °° C - Thereaf ter - 7 ^ 
45 minute, The temperature^ toe ^T^Z^^t^J^ 1^ h 3 PSri ° d of 

proceed at 0°C for 30 minute, and the temperature rail ed to SET""*- 2" T*" WaS a "° Wed to 
action was allowed to proceed further for 4 hoS! t? Pe "° d ° f 30 minutes and «>e re- 

creased to 60>C, the supernatant wl Z reZed St^Tf!"- Thm ^' "» te "Wre was de- 
thus obtained was rinseS twic^withSuene * decantation technique and a solid catalyst 

m, ofY Cs^S:;^ 6 °, m ' * • - ^ed with 6.2 

mo.ar ratio=130), and reason vTaTwed^ W». 

removed, and washed twice with hexane to oS sol ' Thereaf ter - the supernatant was 
(A-3). there were contained 150 m 9 ofaluml^ 

[Preparation of prepolymerizfed catalyst (B-3)] 
a, y st?o~^ 

adding the total amount of the above-me^S so ■EEEE^"" * 35 ° C f0r 2 hours - while 

150 m. of hexane containing 7.4 a«!SSSSSiZS^ Md ° 66 »< » 

[Polymerization] 

o(610 m , and an amount of fiaa i»vWarv imTvm., .f, <™ !* / 9 av ""' e oa,Me <"»mn«r 
Comparative Example 6 

[Preparation of solid catalyst component (A-4)] 
rnodSie^ 

373. In 1 g of the thus obtained uSJZ SS^SST^ ( " ° f S^*™ 9 ' ^ N °" TB6 - 1 - 

2.9 mg of zirconium. * component (A-4). there were contained 110 mg of aluminum and 

Preparation of prepolymerized catalyst (B-4)] 

^^S^ ) < ^S^TS^ 7 o 1 *™™ 3nd 3 9 ° f >*™ 1 9 of the so,id cat- 
adding 3.9 P 0 g ofVeZ^Z^^^^^ 3 ^ for 2 hours, whi.e 
hexane containing 6.4 mmol of triisobutyla 1 .nTnum C ° mP ° nent (A " 4) and 0 52 ml of 1 -"^ene to 130 ml of 

[Polymerization] 

merized catalyst (B-4) as a solid catalvst th^hw «hf! 9 ° f the ab °ve-mentioned prepoly- 

MFR of 0.14 g/^0 min, a density oTf^g^'g/crri^^a bulk derfsrtyljf (M5^^m^ ene ^"^ eXene co ' w '^ nier having 
540 .un. and an amount of fine powdery of betow 100 ^m o o tSrZX^Z"?. 1 "** ° f 
was 1700 g-po.ymer/g-cata.yst. Resu.tsobtained are hown inlabte 2 * ^ " Ny- 
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Example 10 

[Contact of methyl aluminoxane with p-diketone] 

5 Methyl aluminoxane was allowed to react with acetyiacetone in the same manner as in Example 8 except 

that the amount of acetyiacetone used was charged to 1.10 ml. There was obtained a toluene solution of the 
reaction product of methyl aluminoxane and acetyiacetone (hereinafter called "modified methyl aluminoxane 
(h)"). 

10 [Preparation of solid catalyst component (A-5)] 

A solid catalyst component was prepared in the same manner as in Example 8 except that in place of the 
modified methyl aluminoxane (f) there was used the toluene solution of the above-mentioned modified methyl 
aluminoxane (h). In 1 g of the thus obtained solid catalyst component (A-5), there were contained 140 mg of 
15 aluminum and 3.5 mg of zirconium. 

[Preparation of pre polymerized catalyst (B-5)] 

A prepolymerized catalyst (B-5) containing 3.4 mg of zirconium and 3 g of polyethylene per 1 g of the solid 
20 catalyst component (A-5) was obtained by carrying out prepolymerization in the same manner as in Example 
8 except that in place of the solid catalyst component (A-1), there was used the above-mentioned solid catalyst 
component (A-5). 

[Polymerization] 

There was obtained 327 g of an ethylene/1 -hexene copolymer by carrying out copolymerization of ethylene 
and 1-hexene in the same manner as in Example 8 except that in place of the prepolymerized catalyst (B-1), 
there was used 121 mg of the above-mentioned prepolymerized catalyst (B-5). The ethylene/1 -hexene copo- 
lymer thus obtained had MFR of 0.18 g/10 min t a density of 0.924 g/cm 3 , a bulk density of 0.44 g/cm 3 , an aver- 
30 age particle diameter of 61 0 urn, and an amount of fine powdery polymer of below 1 00 ^m of 0.02%>by weight. 
The activity per solid catalyst was 2700 g-polymer/g-catalyst. Results obtained are shown in Tabled. 

Example 11 

35 [Contact of methyl aluminoxane with ketoalcohol] 

Aluminoxane was allowed to react with 4-hydroxy-3-methyl-2-butanone in the same manner as in Example 
8 except that in place of acetyiacetone, there was used 1 .66 ml of 4-hydroxy-3-methyl-2-butanone. The solution 
of the reaction product of aluminoxane and 4-hydroxy-3-methyl-2-butanone (hereinafter called "modified alu- 
40 minoxane (i)") was homogeneous pale yellow. 

[Preparation of solid catalyst component (A-6)] 

A solid catalyst component was prepared in the same manner as in Example 8 except that in place of the 
45 modified methyl aluminoxane (f), there was used a toluene solution of the above-mentioned modified alumi- 
noxane (i). In 1 g of the thus obtained solid catalyst component (A-6), there were contained 170 mg of aluminum 
and 3.6 mg of zirconium. 

[Preparation of prepolymerized catalyst (B-6)] 

50 

there was obtained a prepolymerized catalyst (B-6) containing 3.5 mg of zirconium and 3 g of polyethylene 
per 1 g of the solid catalyst component (A-5) by carrying out prepolymerization in the same manner as in Ex- 
ample 8 except that in place of the solid catalyst component (A-1) t there was used the above-mentioned solid 
catalyst component (A-6). 

55 

[Polymerization] 

There was obtained 295 g of an ethylene/1 -hexene copolymer by carrying out copolymerization in the same 
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<* 1 >" — - — 123 mg of 

of 0.10 g/10 min, a deLt^ oTa 9 T^ L ^ 

Mm, and an amount of fine powdery iS^rfSfcJTSKSS^' "T5f PartiC,e diameter of 600 
was 2400 9-po.ymer/o.^ 

Example 12 

[Contact of methyl aiuminoxane with p-diketone] 

of ^SS^ « - • «- —»"" (Al; 1.55 mo,,) 
1 0 liters of toiuene was added dropwiseta SrLd oTS mt^ ^ 333 9 ° f acet * acetona — with 
at 25°C. Successively, reaction was allowed^™^ 

There was obtained a toluene solution of the reac^n product 5 T , ^ f " rther at 4 °° C for 6 hours - 

inafter called -modified methyl aiuminoxane alummoxane and acetylacetone (here- 

[Preparation of solid catalyst (A-7)] 

To the modified methyl aiuminoxane solution obtained ahn™ «, ae ... 

(LS-n-butylmethylcyclopentadienyDzirconium dlchtonde (£ 5 5 Z^T^^^r* °' 
perature within the system was ke D t at 40°c <5,^c Zl 11 mn w>l/l) in a penod of 30 minutes. The tern- 

Thereafter, 10 Kg of silica ^^£S£^'^^^ t ' ^ 

within the system was kept at 40°C. Successive^ ^^1?^ P ? ° f 30 m ' nUteS - The temperature 
allowed to proceed at that temperature f^ ho^s ,emperatUre Was e,evated '° and reaction was 

(A-7). there we. contained 130 mg of aiuminum a™ Ti Tr^T^L" S °' id component 

[Preparation of prepolymerized catalyst (B-7)] 

taining 3.0 mg of zirconium and 3 g of on eth^one;7Zi'~ ^.JT f Pfopolymerizod catalyst oon- 

[Polymerization] 

hexe^:rs 

prepolymerized catalyst preparSabo^e wa^ fcominuo^H ' P ° ,ymerization ^perature of 70-C. The 
conium atom and ^3^^*^^ " TTt " ° ° 35 mmo, * r termS ° f zir " 

9- composition atadef^ 
were fed continuously (gas composition- 1-hexane/ethTJS - o mo* ^ ' 1 - hexene ' "V^ogen and nitrogen 
concentration = 72%) TheyieldS^ 

had a density of 0.920 g/cm^ MFR of 3 J^n^^^SS^ M ^ a " d 1,16 -^er 
of 980 Mm. and an amount of fine powdery polj 100 ^0^' " PartiC ' e diameter 

shown in Table 2. 1 00 um of 0% by weight Results obtained are 

so Example 13 

Polymerization] 

ss class^oT^ 

for 1 hour. Thereaf terjnto the T^ea^^T^^ Under reduced « *"> 

%) was introduced loXn3JS2S5 IZniTLZT^T 1 ' bU,ene (C ° ntent of 1 - buten * 33 m °'« 
the system was maintained at 70-C to ° rdmary pressure and the temperature within 



15 



20 



25 



30 



35 



40 



45 



22 



BNSDOCID: <EP 0638595A2_L> 



EP0 638 595 A2 

Subsequently, 132 mg of the solid catalyst component prepared in Example 12 and 0.5 mmol of triisobu- 
tylaluminum were added to the autoclave. Thereafter, the above-mentioned mixed gas of ethylene and 1-bu- 
tene was introduced into the autoclave to initiate polymerization under total pressure 8 kg/crr^-G. The temper- 
ature within the system rose immediately to 80°C. Thereafter, only the mixed gas was fed and polymerization 
5 was allowed to proceed at 80°C for 1 .5 hours under total pressure of 8 kg/cm*-G . 

After completion of the polymerization, the sodium chloride was removed by water washing, and the re- 
maining polymer was rinsed with methanol, followed by drying under reduced pressure at 80°C overnight. 

As a result, there was obtained 323 g of an ethylene/1-butene copolymer having MFR of 0.55 g/10 min, a 
density of 0.913 g/cm 3 , a bulk density of 0.42 g/cm 3 , an average particle diameter of 740 urn, and an amount 
10 of fine powdery polymer of below 100 um of 0.1 3% by weight. The activity per solid catalyst was 2450g-poly- 
mer/g-catalyst. Results obtained are shown in Table 2. 

Example 14 

15 [Preparation. of solid catalyst component (A-8)] 

There was obtained a solid catalyst component (A-8) containing 160 mg of aluminum and 2.7 mg of zirco- 
nium per 1 g of said solid catalyst component in the same manner as in Example 8 except that in place of bis(1 ,3- 
n-butylmethylcyclopentadienyl)zirconium dichloride, there was used 0.31 mmol of ethylene bis(indenyl)zirco- 
20 nium dichloride. 

[Preparation of prepolymerized catalyst (B-8)] 

There was obtained a prepolymerized catalyst (B-8) containing 2.6 mg of zirconium and 3 g of polyethylene 
25 p^r 1 g of the solid catalyst component (A-8) in the same manner as in Example 8 except that 3.9 mmol of 
diisobutylaluminum hydride was used. ^, 

[Polymerization] 

There was obtained 223 g of an ethylene/1 -hexene copolymer in the same manner as in Example 8, except 
that 62 mg of the prepolymerized catalyst (B-8) prepared above was used as a solid catalyst. The thus obtained 
copolymer had MFR of 0.01 g/10 min, or below, a bulk density of 0.41 g/cm 3 , an average particle diameter of 
680 urn, and an amount of fine powdery polymer of below 100 urn of 0.10% by weight. The activity per solid 
catalyst was 3600 g-polymer/g-catalyst Results obtained are shown in Table 2. 



30 



35 



/ 

40 



45 



50 



55 



23 



BNSDOCID: <EP 0638595A2J_> 



EP 0 638 595 A2 



Table ? 



10 



15 



20 



25 



30 



35 



40 



45 





Co- 
polymer 


Polymer- 
ization 
activity 
*1 


MFR 

<g/n 
r min) 


Densit 
(g/cm 3 ) 


Y Bulk 
specific 
gravity 


Average 
particle 
diameter 

/i lm 1 


Amount of 
particulate 
polymer 


Ex.8 


Ethylene/ 
1-hexene 


t 

3000 


0.13 


0.922 


0.44 


630 


(wt % } 
0.05 


Comp . 
Ex.5 


Ethylene/ 
1-hexene 


920 

i 


0.18 


0. 923 


0.36 


440 


0.20 


Ex.9 


Ethylene/ 
1-hexene 


2500 


0.11 


0.923 


0.43 


610 


0.02 


Comp . 
Ex.6 


Ethylene/ 
1-hexene 


1700 


0.14 


0.924 


0.45 


540 


0.20 


Ex. 10 


Ethylene/ 
1-hexene 


2700 1 


0.18 


0.924 


0.44 


610 


0.02 


Ex.11 


Ethylene/ 
1-hexene 


2400 


0.10 


0.924 


0.42 


600 


0.04 


Ex.12 


Ethylene/ 
1-hexene 




3.9 


0.920 


0.45 


980 


0 


Ex.13 


Ethylene/ 
1-butene 


2450 


0.55 


0.913 


0.42 


740 


0.13 


Ex.14 


2thylene/ 
1-hexene 


3600 


0.01 




0.41 


680 


0.10 



*1) g-polymer/g-catalyst 
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Claims 



1 . An olefin polymerization catalyst comprising 

^SSTSSS mpound of the 9roup ,VB of the periodic tab,e containin9 a ,i9and ^ * <*■ 
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(B) an organoaluminum oxy compound, and 

(C) at least one kind of carbonyl-containing compound selected from ketoalcohol and 0-diketone. 
2. A catalyst according to claim 1 which further comprises 



(D) an organoaluminum compound. 



3. A catalyst according to claim 1 or claim 2 wherein components (A), (B), (C) and optionally (D) are sup- 
ported on a solid carrier. 

4. A catalyst according to claim 3 which further comprises a prepolymerized olefin polymer. 



5. A solid olefin polymerization catalyst which comprises 
[1-1] a catalyst according to claim 3 or claim 4; and 
[II] (E) an organoaluminum compound, 

15 6. A process which comprises polymerising an olefin in the presence of a catalyst as claimed in any one of 
the preceding claims. / 

7. A process according to clai m 6 which further comprises forming the resulting polymer into a shaped article. 
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